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PREFACE

This Report covers the activities of the NASA
Biomedical Applications Team at Southwest Research
Institute between 25 August, 1972 and 15 November , 1973
in the performance of NASA Contract NASW-1867. This work
was performed in, the Department of Bioengineering at
Southwest Research Institute under the direction of David
F. Culclasure, Ph.D., Team Manager. Other members. of the
team who participated in the program during the reporting
period were as follows:

Jean M. Carter

Charles B. Dreyer

. Linda L. Eckhardt
Dennis C. Jamvold
Charles J. Laenger, Sr.
Samuel R, McFarland
John L. Sigmon

Robert L. Wilbur

Other staff personnel at Southwest Research Institute
provided assistance as needed.

‘ Technical consultants who actively contributed to
the program were as follows:

Jim Allen, Rancho Los Amigos Hospital, Los Angeles,
" California

Jack Johnson, Veterans Administration Hospital,
Little Rock, Arkansas

Hermann Rudenberg, Ph.D., University of Texas Medical
Branch, Galveston, Texas

Frank DeSautels, Brooke General Hospital, Ft. Sam
Houston, Texas -

Sam Schiflett, Texas Tech University, Lubbock, Texas

Names and addresses of commercial products and services
are included in this report for information dissemination
only. This does not constitute endorsement of these sources
by either the National Aeronautics and Space Administration

or Southwest Research Institute.
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ABSTRACT

The NASA Biomedical Applications Team at Southwest
Research Institute serves as an information and technology
interface between NASA and the biomedical community. In an
ongoing experimental program, a team of multi-disciplinary
scientists and engineers applies aerospace technology to
biomedical research and health problems. The Southwest
Research Institute Biomedical Applications Team is currently
staffed by:

David F. Culclasure, Ph.D.

Jean M. Carter

Charles B. Dreyer

Charles J. Laenger, Sr.

Samuel F. McFarland

John L. Sigmon

Robert L. Wilbur

The following 60 medical institutions participated in
the Biomedical Applications Program at Southwest Reseaxch
Institute during this report period:

* M, D. Anderson Hospital, Houston, Texas

* Arkansas Enterprises for the Blind, Inc., Little Rock,
Arkansas

Baylor University Medical Center,'Jonsson Hospital,
Dallas, Texas

Baylor College of Medicine, Houston, Texas

* Brooke General Hospital, Ft. Sam Houston, Texas

* Callier Hearing and Speech Center, Dallas, Texas
Cerebral Palsy Treatment Center, San Antonio, Texas

* Children's Convalescent Hospital, Oklahoma City,
Oklahoma

Children's Hospital of Los Angeles, Los Angeles,
California

* Craig Rehabilitation Hospital, Englewood, Colorado

* Pitzsimmons General Hospital,'Denver, Colorado
iy



General Rose Hospital, Denver, Colorado

Hollywood Presbyterian Hospital, Los Angeles, Califbrnia
Hot Springs Rehabilitation Center, Little Rock, Arkansas
Loma Linda Medical Center, Loma Linda, California

Louisiana State University Medical Schoeol, New Orleans,
Louisiana :

Mercy Hospital, Birmingham, Alabama
Methodist Hospital, Houston, Texas
Northwestern Universify Medical School, Chicago, Illineois
Pacific State Hospital, Pomona, California |
Rancho Los Amigos Hospital, Downey, Califorﬁia

Rosewood General Hospital, Houston, Texaé

St. Joseph's Hospital, Phoenix, Arizona

Scott and White Hospital and Clinic, Temple, Texas
Southwest Research Institute, San Antonio, Texas

Texas A&M University, College Station, Texas

Texas Association for Retarded Children, Austin, Texas‘
Texas Children's Hospital, Houston, Texas

Texas Commission for the Blind, Austin, Texas

Texas Commission for the Deaf, Austin, Texas

Texas Institute for Rehabilitation and Research
Houston, Texas

Texas Tech University, Lubbock, Texas
University of Alabama Dental School, Birmingham, Alabama
University of Alabama Medical School, Birmingham, Alabama

_University of Arizona Medical School} Tucson, Arizona
1V



University of California at 8an Diego, La Jolla,
California : '

University of Florida, Gainesville, Florida

University of Florida Medical School, Gainesville,
Florida : ‘

University of Houston, Houston, Texas

University of Iowa Medical School, Iowa City, Iowa

University of Kentucky Medical School, Lexington,
Kentucky ‘ -

University of Southern California Medical School,
Los Angeles, California

University of Texas Medical Branch, Galveston, Texas

University of Texas Medical School at San Antonio,
San Antonio, Texas

University of Utah, Salt Lake City, Utah

University of Wisconsin Medical College, Milwaukee,
Wisconsin

Veterans Administration Hospital, Albugquerque, New
- Mexico

Veterans Administration Hospital, Bay Pines, Florida
Veterans Administration Hospital, Birmingham, Alabama
Veterans Administration Hospital, Gainesgville, Florida
Veterans Administration Hospital, Little Rock, Arkansas

Veterans Administration Hospital, Long Beach ,
California

Veterans Administration Hospital, Memphis, Tennessee

Veterans Administration Hospital, Oklahoma City,
Ok lahoma

Veterans Administration Hospital, Salt Lake City, Utah
Veterans Administration Hospital, Sepulveda, California

Veterans Administration Hospital, Temple, Texas

v



‘Yocational Rehabilitation, State of New Mexico,
Las Cruces, New Mexlco

Wilford Hall Hospital, Lackland Rir Force Base,
San Antonio, Texas

Interaction with 17 new institutions was begun during
this reporting period. 1In addition, the team identified
51 new problems., 20 potential technology applications
- stand 1dent1f1ed at contract termination, and 13 hardware
" technology applications were accomplished. On September
.10, 1973, the team had 49 active problems under investi-
gation.

*Indicates the 29 medical institutions part1c1pat1ng at
contract termlnatlon. :
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1.0 PROGRAM BACKGROUND AND METHODOLOGY

1.1 Applications Team Introduction

Since its creation by the. Space Act of 1958, the
National Aeronautics and Space Administration has been a
major contributor in the advancement of technology. This
technology, which has advanced the state-of-the-~art of a
variety of disciplines, has made possible the accomplish-
.ment. of feats such as manned exploration of the moon and
-earth orbiting medical laboratories, which a few decades
ago were considered as science fiction and impossible.
Increasingly, the same technelogy which made these feats
possible is being focused down to earth on major medical .
problems facing man. :

Research and development programs associated with the
NASA space program have created a tremendous amount of
technology in wvirtually every scientific field. This
stockpile of technology, which consists of over 800,000
documents, increases each year by approximately 75,000
-entries. Much of the new technology developed is directly
applicable to non-aerospace uses and diffuses into the
public community through the non-aerospace divisions of
aesrospace contractors. Other new technology does not
- spread into the public community as easily. For this
reason, in 1966, the NASA Technology Utilization Office,
Washington, D.C., initiated an active program to assure
the widest dissemination of technology resulting from the
aerospace research and development programs.

Under this program, Applications Teams were established
under contract to the NASA Technology Utilization Office. to.
interface between the aerospace technology availabilities
and specific public problems. There are Applications Teams
established throughout the nation concentrating in such
fields as air pollution control, water pollution control,
transportation, mine safety, and law enforcement. There
are three Applications Teams concentrating on the biomedical
field. The Biomedical Applications Teams (BATeams) are
comprised of small interdisciplinary groups of individuals
with backgrounds in both the physical and life sciences, and
are located at selected independent research centers. Each
team is familiar with active areas of aerospace research,
the NASA computerized collection of aerospace technology
documentation, and methods of data retrieval from the infor-
mation bank. The BATeams are, in effect, a human connection
between the NASA data bank and the biomedical researchers
and practitioners at work in medical schools, hospitals,



clinics, and rehabilitation centers. The three BATeams
are located at:

RESEARCH TRIANGLE INSTITUTE
P. 0. Box 12194
Research Triangle Park, North Carolina 27709

SOUTHWEST RESEARCH INSTITUTE
8500 Culebra Road
San Antonioc, Texas 78284

STANFORD UNIVERSITY SCHOOL OF MEDICINE
Cardiology Division

701 Welch Road, Suite 3303

Palo Alto, California 84304



1.2 Biomedical aApplications Team Program

The NASA BATeam program seeks to achieve the following
goals: . ' ‘

(1) . "The identification of. major medical problems which
lend themselves to solution by relevant aerospace
technology; '

{2) - .The identification of relevant aerospace technology
. which can solve those identified problems;
* (3) - The application of that'technology'to demonstrate
. the feasibility as a real solution to the identified
problems;

(4) The motivation of the industrial community to

: manufacture and market the identified solution
“to maximize the utilization of aerospace solutions
in the biomedical community. '

In identifying and defining these major technological
problems, the BATeams actively pursue direct contact with
medical researchers and practitioners in medical schools,
“hospitals, clinics, and rehabilitation centers. The identi-
- fication and definition of the medical problems are then

followed by an information search for aerospace technology
that can be developed into a sclution effort.

‘The information search for relevant technology is
usually performed through three approaches:

(1) Manual and computer searches of the NASA data bank:

(2} Direct contacts with the research staff at NASA

field centers through the individual Technology
Utilization Officers, or

(3) Circulation of biomedical problem abstracts through
individual Technology Utilization Officers to the
total staffs of the NASA centers.

Identified technology which may potentially solve the
problem is forwarded to the "problem originator" or "investigator”
through the BATeam for his evaluation of its potential appli-

. cability. At this time, if the technology is indeed applicable
to the problem, ideally the problem originator implements the

solution into a functional piece of hardware or technique to

demonstrate the feasibility of the aerospace solution.



In an increasing number of technology applications, the
problem originator is incapable of implementing the solution.
The BATeams have developed the Applications Engineering
Program to facilitate the implementation of solutions
identified under the program. This assistance may take place
at either the BATeams' facilities or at adaptive engineering
facilities at NASA field centers.

The successful application of aerospace technology to a
major medical problem is called a "technology application.”
This application includes not only the implementation of a
potential solution of a major medical problem, but alsc the
extensive evaluation of the potential solution through the -«
loan of the NASA developed hardware to the problem orxiginator
for demonstration of the technology as a real solution.

A specialized methodology has been developed by the
BATeams since they were first initiated to facilitate the
application of aerospace technology. This methodology is
described in the following section.



1.3

Biomedical Applications Team Methodology

The methodology used by the BATeams consists of five

major steps:

{l) problem acquisition, screening and

. definition; (2) identification of relevant aerospace
« .~ - .. technology;. (3) evaluation of the relevant technology;. {(4)

- utilization of the technology; and (5) documentatlon. This

methodology is outlined in Figure 1.
Problem Acquisition,
- - Screening, and Definition .
Additional ] Solution = Rejection |~
---. Information Feasibility Analysis e

Reguired from

Problem Originator

Manual/Computer
Information Search

. Circulation of
Problem Abstract

to NASA Field Centers

" Contact with
NASA
Field Centers

1

Personnel

1
Evaluation of
Retrieved Information
by the BATeam

Evaluation of
Potential Solution
by Problem Originator

Evaluation of

Technology Information

for Information
Application

[ Implementation of
Lotential Solution

Fig.

1 Biomedical Applications Team

Evaluation o&f
Hardware for
Hardware Application

Methodology




1.3.1 Problem Acquisition, Screening, and
Definition

Problem acguisition is one of the most important
activities of the BATeam. These problems may come to the
BATeam unsolicited; in which case the problem originator
has been prompted to contact the BATeam by the NASA
Technology Utilization Offices, articles in professional -
journals describing BATeam activities, a previous problem
originator, or the problem originator's own previous
participation in the program. ‘

- On other occasiong, the BATeam actively solicits :

..problems, .with the BATeam managexr contacting institutions .
which might have a need for NASA Technology. Specific

- institutions are brought to the attention of the team - : i

manager by the NASA Technology Utilization Office; by ‘ -

journals describing research activities or funding; by -

the institution’s prominence in a field of current or

planned BATeam activity; or by previous experience with

a user institution.

Problem definition is obtained throucgh the joint
efforts of the problem originator and a selected BATeam
.mémber. . who is familiar with the problem background. The
‘objective of this step is to define precisely and concisely
the problem and the reguired technology which would solve
the problem. In many cases, after proper definition of
the problem, it is found that the problem should be rejected
for any number of reasons, including existance of commercially
avallable hardware or information which can satisfy the
problem requirements, or excessive problem complexity beyond
the state-of-the-art of aerospace technology.

Problem screening takes place at the initial contacts

~ with the problem originator at which time problems which

are cbviously unsolvable even with NASA technology are
eliminated, and at periodic BATeam meetings where a new
problem may regquire screening by a group of interdisciplinary
scientists and engineers before formal rejection. Problems
that do not appear to be readily solvable or require additional
definition by the problem originator are rejected or returned
to the problem originator.

The final product of problem acqguisition, definition,
and screening efforts is a problem statement. This statement,
which is used throughout the processing of the problem,
contains information about the problem originator, complete
definition of the problem, and what is required of NASA
technology in order to solve the problem.



1.3.2 1Identification of Relevant Aerospace
Technology

Relevant aerospace technology which may. offer a sclution
to the 'problem is identified through three methods.: The
first of these is a manual. and computer .search of the NASA
data bank. These searches are made at one of NASA's six
Regional Digsemination Centers (RDC) and at WASA field center
facilities. -In addition, searches are made :utilizing the
©- NASA Scientific.and. Technical Information Facility .in College
" Park, Maryland. The information available to the NASA data
bank consists of over 800,000 documents, articles, and -
"translations that have been abstracted in the Scientific- -
rand Technical Aerospace Reports . (STAR) and the International
Aerospace Abstracts. (IAA). BATeam members also perform .
-manual.searches. of:NASA Tech Briefs, Special. Publlcatlons,
and Technological Surveys.

If additional information is reguired, oxr no relevant
technology is identified in the manuval and computer searches,
“the team may contact scientists and engineers at any of the
ten NASA field centers directly without the preparation and
~dissemination of a biomedical problem abstract.. This is done
when a BATeam member has knowledge of a few individuals at
the centers .who are: likely to keep abreast of the state-of-
the-art in the field regquired by the problem.

If no relevant aerospace technology is identified by the
first two methods, the BATeam prepares a biomedical problem
abstract for dissemination to the scientists and engineers
at all of the NASA field centexs. These abstracts are cir-
‘culated to selected NASA researchers by the Technology '
Utilization Officers at the field centers, whose job it is
to keep abreast of the research and development efforts at
the centers. ,



1.3.3 Evaluation of Relevant Aerospace
Technology

All potentially applicable technology identified in
the above searches ig evaluated by the BATeam to determine
-whether a potential solution to the problem has been found.
Those pieces of technology which the BATeam feels present
a potential solution to the problem are forwarded to the
problem originator along with a print-out of the computer -
_search.of the NASA data bank performed at the RDC.oxr NASA. .. ..
STIF. . ’ -

The problem originator must then evaluate the potential
solutions. His decision to pursue a proposed solution depends
on a number of factors: his evaluation of the proposed
solution's wvalidity, the cost-effectiveness of the proposed
solution, and his capability to implement the solution..



1.3.4 Implementation of Hardware, Evaluation of
Hardware or Information

The final step.in . the application of aerospace technology

is the 'implementation and evaluation of the proposed solution

Cmesneses —ooin a medical environment. . This.critical phase. must occur if
the technology application is to be complete; and, if at =all
possible, is performed at the problem originator's facilities.

- .nIn some cases, however, the.problem originator-.does not have - un o=
sufficient resources for hardware fabrication and some other .
facility is utilized. - In most instances, the SwRI BATeam - - -

preiieee . Jhas - fabrication. facilities.available at Southwest Research .» .. . -

o Institute. -In a small number of other cases, the hardware
- Leewwecilplementation.is performed at a NASA field center. . e e e em

ool a2 o After. the  solution has .been implemented,uor in the case .o, ..
-of infermation applications in which hardware implementation .., _.
is not necessary, it is the responsibility of the problem
originator to perform a thorough and complete evaluation of

the potential solution. It is only after the problem

originator performs this evaluation and documents his work

that the solution can be classified as a "technology

application.”
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1.3.5 Documentation

Documentation is an important part of the BATeam
methodology. It is involved in all terminal steps in the
methodology, and in some steps where it is necessary to
document potential solutions in order to prevent the
duplication of effort. Documentation allows evaluation of

_the SwRI.BATeam methodology and program in general. At

present, the SwRI BATeam reports on a bi-weekly, quarterly
and annual basis. This documentation also allows interaction
with the BATeam by various NASA field centers whose only
contact -with .the BATeam is the periodic reports which contain
new problem statements, progress reports on.current problems,
and contacts with technology sources. - This report covers

"the SwRI BATeam efforts during the contract year August 25,

1972 to September 10, 1973.

-



2.0 TECHNOLOGY APPLICATIONS,
- APPLICATIONS,

2.

1 Technology Applications

'2.1.1 Hardware Technclogy Applications

POTENTIAL TECHNQLOGY
AND BIOMEDICAL COMMUNITY IMPACTS

11

Below is a list of biomedical technology applications

clalmed durlng this reporting pericd.
care  summaries for those applications.

On the following pages

Patients

Date
e Nou " Problém Title Opened/Closed -
SIVoRAEB=1 wolMethod . for .Identifying-Denominations of: .-~ 06-72/03=73 2: . -1
Paper Money _
+% YrAEB-2 ‘Measurement of Physiologic Stress 1 06-72/01-73 #id
A Parameters
AFB-3 Light Sen81t1ve Vocational Rehabllltatlon 06-72/09-73 _
Aid
AEB-4 Apparatus for Measuring Tactile Spatial 06-72/09-73 .
Separation
-~ CRH-8 Weight Shift "“Alarm’ for Brain Damaged and 03-73/07-73 2
' Paraplegic Persans -
‘GLM-44 Quickly Adjustable Crutch 08-72/06-73 -
- GLM-46 . Adjustable Cradle to Cover Burn Patlents - 09-72/06-73 7 .
D “OVA44“%'Asse551ng Sleep Psychophysiology in 12-70/05-73 .-~
RRC-8-. - Ultra-Thin Electromyographic Needles 01-71/09-73
SHM-26 Monitoring of Pelvic Pressure of Women 06-72/01-73
in Labor
SWR-1 Custom Fitted Composite Leg Braces 02-72/09~73 -
TCD~9 Portable Amplifier System for Patient 10-71/01-73
- with Partially Inactivated Vocal Cords o .
- TVA-2 - Portable Heart Rate Indicator for Active 04-72/12-72
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TECHNOLOGY APPLICATION REPORT

Problem: AER~1 METHOD FOR IDENTIFYING DENOMIMNATIONS
OF PAPER MONEY (Paper lMoney Identifier)

Institution: Arkansas Enterprises for the Blind

P. O. Box 4055, Asher Ave. Station
Little Rock, Arkansas 72204

Investigator: Elmo Knoch
Director of Training

Acquisition Date: -~June, 1972 -Completion Date: February, 1973 "~

e e St e e P o o T o b e A i P e o L T S ek e T k. S T s = o o i L U e e e T w8 AL RS S e e e e

PROBLEM OBJECTIVE

A small, inexpensive device capable of differentiating
among the various denominations of paper money was needed to
permit totally blind -cashiers in small vending operations to
(1) insure they were not being cheated by someone giving them
a one dollar bill and claiming it was a five dollar bill, and
(2) insure that they could make proper change which involved
paper money.

BACKGROUND

Vocation instructors of a rehabilitation center expressed
a need for a low cost, reliable device which could aid sight
deficient people in identifying the various denominations of
paper currency. With such a device, the potential for these
handicapped people to successfully operate vending stands and
other types of businesses where money must be handled would
be greatly increased.

The design criteria were therefore to (1) develop a device
which would allow the blind to determine the denomination of a
given bill and (2) to keep unit costs to a minimum so that the
device could be effectively placed in the hands of those who
need them. In keeping with the second reguirement it was
decided to develop the device to take advantage of increased
hearing and tone pattern recognition ability developed by the
blind as a result of their loss of sight. The design goal was
therefore to develop a device which would present audio tone
patterns to the user which he could learn to recognize to
determine denominations.



Selnt lososcillator, an-audio amplifier.and a speaker.. . As the wand . oouov

S S
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RESOLUTION

With NASA Tech Brief B69-10301, "Semiautomatic
Inspection of Microfilm Records" as a basic design concept,
the Paper Money Identifier (PMI) was developed. The PMI
- consists of a hand wand which contains a light source and.
a_ sensitive phototransistor which detects .the amount of .. S
light reflected from the bill. The wand is connected through .- -
a two foot cord to an electronics package containing an :

irnis swept overthe bill in question, the amount of light ~- - - .- .-
-reflected to-the phototransistor varies according to -the

-+ woplcture. printed on.the back. of. the bill. .The..changes in. Sl e

" reflected: light cause  the' phototransistor -to conduct at I

--different.levels which in turn make the oscillator operate . ..
at"different frequencies. This changing tone is amplified

and fed to the speaker. - S A -

The tone pattexrn thus generated by passing the hand

woot wand over: the ‘back ‘of-the 'bill is different for eacH denomi-

nation of the paper currency.

With a limited amount of practice (2-4 hours) a .blind .
operator can learn to identify each different pattern, and
therefore tell the value of any bill presented to him. With
the PMI, a blind person can more .confidently work at vending
-stands or other operations where he is required to make
correct change.

APPLICABLE NASA TECHNOLOGY

A copy of NASA Tech. Brief B69-10301 follows this summary.
A Technical Support Package on the PMI has alsoc: been written
and is included here. : : :

EVALUATION

A successful evaluation of the PMI was performed by the
investigator. In a demonstration with blind students of the
Rehabilitation Agency of the State .of Virginia at Charleston,
individuals were able to learn to identify within five to six .
minutes $1, $5, $10 and $20 bills with no difficulty whatsoever.
The investigator felt that the PMI totally met his specified
.¢riteria for the identification.of denominations. of currency.

It is highly desirable that for production purposes the unit
“should be made more compact and be kept inexpensive. Inguiries
-as to the availability of the PMI have been numerous. Questions

regarding the availability of a manufacturing license can be
directed to NASA Headguarters, Patent Counsel Office. Reports
on initial manufacturer interest and modifications are included

in this report in Appendix B.
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Brief 6%-10301
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NASA Tech. Briefs are issued to summarize specific innovations derived from the U.S. space program,
to encourage their commercial -application. Copies are available to the public at 15 cents each-
.. .from the Clearinghouse for Federal Scientific and Technical Information, Springfield, Virginia 22151.
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Semiautomatic Inspection of Microfilm Records
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Fig. 1. MARK 1:Schematics of Photocell Circuit (A} and
Density-Measuring Circuit (B), and Loyic Diagram (C)

The problem:

Microfilm iz a 35mm format is the industry stand-
ard for recording enginzering data and other docu-
mentation for long-term storage and rctrieval, Mi-
crofilm records used by the government are con-
trolled by Specification MIL-STD-108. This specifi-
cation prescribes image size and position tolerances,
resolution requirements, and density restrictions.

Herctofore. microfilm inspection has been done.

manually, using an individual microscope, a densi-

tometer, a light box, and hand-cranked reels. This -

method is not only time-consuming but it is some-

times of questionable quality since subjective judg-
ment of the inspection personnel is a major factor.

The solution:

Inasmuch as deficiencies in microfilm quality are
undetected by this nonuniformity of inspection ap-
paratus it foilows that these deficiencies can be al-
leviated by providing a semiautomatic-type inspection
machine for this purpose. Accordingly, two working
models were designed and constricted by the support
contractor to the MSFC Management Services Office.
Improvements in reliability and ease of operation

{eantinsed vvepleafy

This documnent was prepared under the sponsorship of the National
Aeronautics and Space Administeation. Neilher the United Suues
Lovernment nor 20y person acting an behalf of the United States

Government agsumes any lizbility resulling from the use of the
information contained in this document, or warrants that such use
wiH be free fram privately owned rights.
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. ) Fig. 2. Outiines of MARK II; Dimensions are
. ininches.

Improved quality.through elimination of scratches, ...

MARK [1.

How it’s done:

The microfilm inspector utilizes motor-driven film
reels with a means for precisely positioning the mi-
crofilm imuage for inspection. Film density is meas-
ured by means of a photoelectric cell and solid-state
electronic circuit. Over and under tolerances are
preset according to specification. As the filii is in-
spected, go-no-go indicator lights advise the operator
of the film status. In addition to the lights, a densi-
tometer provides specific values for film  density.
These are recorded to back up the film- msp{.almn
report.

Resolution of the photographic image on the film
is determined by a microscope which is an integral
* part of the machine. Image size and position are
also determined by a built-in optical device.

Principal advantages of the microfitm inspector
are:

1. Uniformity of inspection method.
2. Increased speed of inspection.

Brief 69-10301

finger marks, etc.
Note: . s
Documentation is avaitable from:
Clearinghouse for Federal Sucntnflc
and Technical Information
Springfield, Virginia 22151

Price $3.00 )
Reference: TSP69-10303

Patent status:

This invention is owned by NASA, and a patent
application  has been filed. Royalty-free, nonex-
clusive licenses for its commercial use will be granted
by NASA. Inquiries concerning lcense rights should
be made to NASA, Code GP, Washington, D.C.
20546

Source: E. L. Klein of

RCA Service Company .

) under contract to
Marshall Space Flight Center
- (MFS-20240)

Category 02
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PAPER MONEY IDENTIFIER

Abstract

As a result of activity of Southwest Research Institute in
support of the NASA sponsored Biomedical Applications program,
a need was identified for a low cost, reliable device which would
allow sight deficient people to identify the denominations of U.S. ‘
paper currency. In response to this need, the Institute has developed
the Paper Money Identifier. This device makes use of an optoelectronic
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' scanner and a voltage controlled oscillator to generate audio tone patterns o

- which are used by the blind operator to determine the value of the various " -

[N B

-denominations, - With a minimum of training (approximately 4-6 hours)
. -the operator can learn to identify the unique tone pattern generated by
each value of paper currency and thereafter identify the value of any
bill handed him. With the PMI, a blind perscon may more confidently
work at vending stands or other operations where he is required to
handle and change money. ' ‘
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Brief Technical Description of the
Paper Money Identifier

The Paper Money Identifier (PMI) allows a sight deficient
operator to identify the denomlination of various pieces of paper currency
by generating a varying audio tone pattern as it is passed over a given '
bill. The unit consists of two major sections; the hand wand and the
electronics package.,

The hand wand.consists of an optoelectronic scanner mounted in
a- suitable holder. The scanner-contains a light source and a sensitive
phototransistor which responds to the amount of light reflected from the
object under test. The holder is constructed of two pieces of threaded
tubing to allow for sensitivity adjustment depending on the ambient light-
ing conditions of the work area. The entire wand is connected to the
electronics package by a two foot cable.

The electronics package contains a voltage controlled oscillator
and amplifier circuit to convert the changing conduction levels of the
pbhototransistor into a varying audio tone. The VCO is controlled by the
phototransistor through a voltage divider network and its output-is fed
through the amplifier to a built-in speaker. Provision is also provided
for the use of an earphone if the operator prefers.

The entire unit is powered by a duel output power supply which
operates on standard 120 VAC 60 Hz current. The 5 VDC output ocperates
the light source in the wand with the remainder of the circuitry operating
from the 12 VDC output.
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I. Introduction

The Paper Money Identifier was developed in response to a
need for a low cost, reliable device which would aid sight deficient
pecple in identifying the varicus denominations of U.5. paper currency.
- With such a device, the potential for these handicapped people to
. successfully operate vending stands and other types of businesses where
money must be handled would be greatly increased,

The design criteria were therefore to (1) develop a device which

would allow the blind to determine the denomination of a given bill and
-.{2) to keep unit costs to a minimum so.that.the device could be-effectively rx. .. .=
placed in the hands of those who need them. In keeping with the second & . -
.requirement it was decided to develop the device to take advantage of oo
~ increased hearing and tone pattern recognition ability developed by the L

blind as a result of their loss of sight. The design goal was therefore '

to develop a device which would present audio tone patterns to the user

-which he could learn to recognize to determine denominations.

Concepts derived from NASA and other government sponsored
research efforts were utilized in the development of the PMI. An opto- e
scanner was used to control the output frequency of a voltage controlled

. ascillator with suitable armplifier circuitry to present the tone pattern to
.the operator through either a speaker or earphone. Controls were kept
to a minimum with volume level and wand sensitivity the only adjustments
required.
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I, Ope ratinjcrLInstructions

The Paper Money ldentifier (PMI) consists of a hand held wand
attached through a two foot cable to an electronic package which
generates the audio tones used to determine the denomination of paper
currency. As the wand is passed over the surface of the bill in
question, a unique tone pattern is generated which indicates the value
of the currency.

Controls

The following is a list of all the connections and controls used on
the PMI: (see Figures ]l and 2)

1. A.C. Power Cord-The AC power cord is permanently
attached to the right side of the package. The cord can
be plugged into any convenient 110 VAC, 60 Hz outlet.

2. Wand - Plug the wand cable into the 5-pin connector
located on the left side of the package. This is a
keyed connector and cannot be improperly inserted.

3. Power Switch - Thig switch is located on the face of the
package in the lower right-hand corner. Up is on, down
is off.

4, Volume Contrel - This control is located in the lower

center portion of the face. Turning the knob clockwise
will increase the volume of the tones generated,

5, Earphone Plug - At the option of the operator, an earphone
may be used instead of the speaker built into the system.
A jack for the earphone is provided in the lower left-hand
corner of the face of the PMI. When the earphone plug is
inserted, the speaker is disconnected and volume control
will vary the sound level to the earphone.

Ope ration

Once the power cord and wand connections have been made as
explained in the previous section, the PMI is placed in operation by
turning on the power switch, When the unit is turned on, a low frequency
clicking sound may be heard. Place the tip of the wand on any convenient
surface., This will cause a tone to be generated which can be used to set
the volume to the desired level.
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Identification of Paper Currency

There are many areas on the different denominations of paper
currency which will generate unique tone patterns for use in determining
the value of a paper bill. With experimentation and practice the operator
can determine which of these areas is most satisfactory for his use. The
following description indicates just one of these areas and how it can be
used to determine the value of various bills,

When given a bill of unknown value, place it on a smooth, flat
surface in such a manner that the PMI wand can be placed down and
swept along the center of the long dimension of the bill. Sweep the wand
back and forth across the bill and listen to the varying tone pattern
generated by the PMI. ‘

The front or face side of all denominations will scund about the
same, with high tones at the beginning and ending of the sweep and low,
deep tones in the center., With a minimum of practice the face side can
be readily identified. If it is determined that the bill is face up, turn the
bill over.

The back, or picture side, of each denomination is unique. The
Great Seal of the United States and the large printed word ''one'' are on the
back of a one dollar bill, A picture of the Lincoln Memorial on a light
background is on the back of a five. The ten has a picture of the Treasury
Building on the back, and the White House surrounded by trees is shown
on a twenty dollar bill. Each of these pictures will generate a unique tone
pattern as the wand of the PMI is swept back and forth across the bill.
With practice the operator will learn to identify each of the denominations
by the tone pattern generated when the wand is scanned across the picture
on the back side of the bill.

As mentioned earlier, this is not the only unique section of the
various denominations. Experimentation and practice should allow the
operator to identify other areas which may be useful in determining the
value of a given piece of paper currency.

Sensitivity Adjustment

The sensitivity of the PMI wand has been adjusted to give the
desired tone signals under the lighting conditions it is anticipated will be
used. If the actual conditions are somewhat different than anticipated,
further adjustment may be necessary. Sensitivity adjustments may be
made in the following manner.
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The tip of the PMI wand is made of a piece of threaded tubing
which is screwed onto the sensing element and held in placeby the
threaded handle. To adjust the sensitivity of the wand, loosen the handle
and turn the tip piece to the desired position. If the tip of the wand is
facing the operator, clockwise rotation will screw the tip further onto
the sensor and increase sensitivity. Increasing sensitivity will increase
the response of the wand to the pictures scanned and also cause a general
rise in the frequency of the tone pattern generated. Counterclockwise
rotation of the tip will have an opposite effect on system operation.

Once the operator is familiar with the operation of the system, he
may desire to experiment with various sensitivity settings to find the one
best suited for his particular use. '

Caution: Once the desired sensitivity setting is located, be sure
to retighten the threaded handle to hold the tip in place.
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III, Technical Discussion

Electronically, the PMI is divided into three sections: the
optoelectronic scanner, the voltage controlled oscillator, and the
atnplifier/speaker. Each of these sections is discussed individually
in the following paragraphs (Ref. Figures 3 and 4).

Scanner. The optoelectronic scanner is located in the hand
wand attached to the main package by two feet of cable. The scanning
device consists of a light source and phototransistor mounted in a threaded
aluminum tube. To minimize the heating affect of the light, it and the ,
phototransistor are located at opposite ends of the tube; the phototransistor
being at the tip and the light at the back. A fiber optic bundle is used to
transmit the light from the source to the tip of the device. This bundle
has been arranged in a coaxal configuration-so that the phototransistor
is surrounded by the effective light source. ‘A 5 VDC power supply located
in the main package supplies power for the light. The phototransistor
is connected through the cable to the voltage controlled oscillator.

Voltape Controlled Oscillator. The VCO consists of a NE566
function generator and its associated components, The phototransistor is
part of the voltage divider network Ry, Rj connected to pin 5 of the VCO.
The resistor valves were chosen to allow a nominal frequency change of
1000 Hz between the darkest and lightest areas of a bill. This will vary
slightly if the scanner sensitivity is changed. (See operating instructionsj).
The components Rs and C, determine the nominal operating frequency of

the NE566 and were chosen to produce an output of approximately 1300 Hz
with the phototransistor saturated. Dark area tones therefore range
down to near 300 Hz with optimum sensitivity settings. Both square and
triangular wave outputs are available; the triangular output which has a
peak-to-peak amplitude of slightly over 2 volts is used to drive the
amplifier/speaker.

Amplifier/Speaker. Due to the relatively high output voltage
of the VCO, only a single power amplifier stage is required. The output
of this stage is transformer coupled to the built-in speaker and provides
sufficient volume for all but the noisiest of environments. An optional
earphone output is provided for use under these conditions.

" Both the VCO and the amplifier/speaker stages are powered from
the 12 VDC output of the power supply. The input to the dual power supply
is fusedto prevent serious damage in case of the failure of either supply.
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Iv, Conclusion

The Paper Money Identifier is an inexpensive, reliable device
which allows the sight deficient person to determine the value of the
various denominations of paper currency. Using the PMI, blind operators
may more confidently function as vending stand operators or employees
in jobs where the handling of money is reguired.

While the PMI was designed for a specific purpose there may
well be other uses found which will aid the blind in dealing with their
environment.
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Paper Money Identifier

Parts List
R 2.7K, 5%, 1/4 w, composition
Ry 15K, 5%, 1/4 w, composition
Rj3 10K, 5%, 1/4 w, composition .
Ry 10K, 10%, miniatare potentiometer, 1/2" dia.
Rg 6.2K, 5%, 1/4 w, composition
Ry 1X, 5%, 1/4 w, composition . ' .
Ry 51 ohms, 5%, 1/4 w, composition

Rt 510 K, 5%, 1/4 w, composition — may vary with pova:rer supply.
Select value to give 4.9 volts into 50 ohm load.

C 0.01 uf, ceramic disc.

Ca 0.027 uf, Tex-cap type 315

Cs 1.0 uf, Tex-cap type 315

Cy 0.5 uf, Tex-cap type 315

Ql 2ZN222, silicon NPN

1C,y NE566V, function generator, Signetics
’I‘1 TA-26 Transistor output transformer,

primary 1250 ohms, secondary 4/12 ohms, Stancor

Sp Speaker, Miniature 8-ochm, 2-1/4" dia.,
Calectro Type S2-0203.

Ep Jack TR-2A micro-jax, Switchraft.

05, Scan-coax fiber optic skanner, Type
TS-322-3. Scan-A-Matic Corp, P.0O. Box S, Elbridge, N,Y, 13060

P.5. Duel output regulated power supply,
Model 5E25D-12E10D, Acopian Corp.

PI Series 223 "Tiny Tim'" connectors. Plug Type 223-1105,
Recept. Type 223-1205. Pins: male type 220-P0O2, female type
220-502. Amphenol

Fuse Holder Single pole fuse block, Type 4405, BUYSS

Fl . Fuse, .1 amp, 1-1/4x 1/4.

Case Base: Type 260 Instrument case, 6-13/16 x 5-9/32 x 2-5/16.
Cover: Type 261 Instrument cover.
Harry Davies Molding Co., 4920 W. Bloomingdale Ave.
Chicago, I11., 60639
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TECHNQLOGY APPLICATION REPORT

Problem: AEB-2 MEASUREMENT OF PHYSIOLOGIC STRESS
: PARAMETERS
Institution: Arkansas Enterprises for the Blind

P. O. Box 4055, Asher Ave., Station
Little Rock, Arkansas 72204

Investigator: Elmo Knoch
Director of Training -

Acquisition Date: June, 1972 Completion Date: February, 1973
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PROBLEM OBJECTIVE

A wireless method of monitoring ECG was needed to enable
vocational rehabilitation instructors to determine the amount
of stress generated in blind trainees by new situations and
tasks. .

BACKGROUND

Monitoring heart rate on convalescing heart patients has
been routine for some time. However, most therapists must
manually record pulse rate before stress period and after at
prescribed intervals. There has been and is now a definite
need for a small,. inexpensive beat-to-beat cardiotachometer
that will allow a therapist to obtain an objective measure
of the amount of stress on an individual. This is important
both in terms of (1) prediction of success once the trainee
has been placed 